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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a communication unit that can 
continuously conduct data communication at a fastest transmission an 
rate in response to an S/N at all times without the need for re-training 
even in the case that the S/N is deteriorated due to any cause. 
SOLUTION: This communication unit is provided with both a 
consecutive convolution coder that transmits a turbo code and a 
decoder that decodes the turbo code received via a telephone line by 
means of the maximum likelihood decoding method by interconnecting 
convolution coders that outputs a trellis code being a compounding 
convolution code to identify an information bit and a redundant bit in 
parallel via an interleaver. The communication unit is provided with a 
puncturing processing section 1 that selectively transmit a turbo code 
outputted from the interconnected convolution coders, a trellis code 
outputted form the interconnected convolution coders and data 
consisting of only the information bit. 
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[Abstract] 

[Problems] To obtain a communication device capable of 
continuously holding data communication at a fastest 
10 transmission rate according to a present S/N ratio without 
the need of training even if the S/N ratio is not decreased 
for some reason. 

[Solving Means] A communication device including 
concatenated convolut ional encoders transmitting turbo 

15 codes by connecting convolutional encoders each outputting 
trellis codes which are organization convolutional codes 
and which can discriminate information bits from redundant 
bits, in parallel through interleaver s ; and a decoder 
decoding the turbo codes received through a telephone line 

20 by a maximum likelihood decoding method, includes a 
puncturing processing section 1 capable of selectively 
transmitting the turbo codes outputted f romthe concatenated 
convolutional encoders, the trellis codes outputted from 
the convolutional encoders, and data consisting only of 

25 information bits. 




[0046] Fig. 1 is a block diagram of a puncturing 

processing section 1 included in the communication device 
according to the present invention. This puncturing 
processing section lis constituted to include an information 
5 bit path la for outputting two information bits, an 
interlocking switch lb for outputting redundant bits (for 
trellis codes and turbo codes) , and an interlocking switch 
1c for outputting redundant bits (for turbo codes) , and the 
puncturing processing section 1 has a function of selectively 

10 transmitting turbo codes outputted from concatenated 
convolutional encoders to be described later, trellis codes 
outputted from the convolutional encoders, and data 
consisting only of information bits. The detailed 
operation of the puncturing processing section 1 will be 

15 described later . 

[0049] It is noted that there are two paths from the 

multiplex/sync control section 41 to a tone ordering section 
49; one is an Interleaved Data Buffer path including one 
20 interleaver (INTERLEAVE) 46 and the other is a Fast Data 
Buffer path which does not include the interleaver 46. The 
Interleaved Data Buffer path performing an interleave 
processing has a longer delay than that of the Fast Data 
Buffer path . 

25 
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imxm i) mm tr y b t Km tr * h ^^j^^/^m 
x. 

y ^y'&m&zmz.. 

^(Hiss^Wi-^TLgt'^ hmm&t, 20 
im*m3) Huia h uy^^2 \?y b<o^mvy 

bt 1 Vy VCD-K&Vy Y\Z.xm$L£th, 

tSh\Z-. mZ*-Xft J %>fr2 My b<Dffimt'y bt 2 t' 

y b<DKM*?y blzxffif&ZtlZ Z t Z&WLt-fZm* 

m i iktziz 2 [cmf&<Dmmmmo 
im*m4] mmr$x\ m^^mtL-r^tz^xDb^ 

mmmvy bcD^-h^z?- ? tm&&frz> & o\z 
mm^^y-^* v ^v'&m^&mm^. 30 

3 <D\,^-rtifa — ncmmcomm mm 0 

im*m5] fitJlE b ~>^<K 

utile h u y ^f^^ii^^ti^ J: ^ KSfrie^^-r y 

^iceai^- b^mmt^^mxmm^m^L-r^z 
[s»*«6] Hfrie^o^^^ y >tr&mmz.xffiWL* 
x\,*z>ftmx-mm*p, 

strsE bis\) **t5j; oicmmso??-* y 
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£ blC, S/Ntt75^2cOL#^fiI^Tt-^Lfc^ 

l»e*— #W*as»«£*LS J: ilzffim'*^?^* y > 

£6tc, S / Nit^^ 3 L # t STICKS L ti^ 
I*. 

is h o^t z&mk'tzm&m 5 ice* 

[»*Ji7 ] Bfrie^^^ y ^rmmmzx b uy 

ffliB * - £ -5 J: o \z mms< > ^ * \ y > 

6 {dfSgtcoiiff 

S/Nlt35*« 3 co L£ l^ffl[^Tf-«S Lfc^Ji, 
S»IE««try hco^^(b^5^-^^jl^^ti5 X 0^ 

0] itiEh^y^, 
me h u-y ^«f*36«»«**lsj: 9fcme^<>-^^^ y 

^JbJr, S/Ntb>55^ 2 OLt afflict 0 

[Hjrjs 1 1 ] mtS'O^^ y >^mmmcxmm 

\f y hCO^^e>^5-r-^^il^^tt, e»K^*irS 

S/Ntfc,^^ 1 co L^^ft^TI-^^Lfc^li, 
Stre b uy >^??^3®^$tt5J: y 

^6^, S/Nit^m 2 co L ^ ^{ili^T^M^ Ltc^ 
S/NJt3&«*3^U*^ttKTIC*aELfc»^ 
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3 

ft 

[tt#Jii 3] mz'O??-^ y ^v'&m&hz.xz- 

[0 0 0 1 ] 

MT (discrete multi tone ) 3EtttSB#S;fc: X 9 

Zo 30 
[0 0 0 2] 

m-rzo tLt7L\iL, mmm^wcfttofcm&zmyt^x 
-en, h->*--yy ^^js, easssos 

/N (signal-to-noise ratio : {f^atjt^Jt) JtKS 

[0 0 0 3] ftftWlCl^i, fciX.lt 0 9 (a) IC 
^-T J: 9 fd, tone0-tone5C, *r 

otV^Se ^ ~ T'H toneSlCOfy h, tone 
0irtone4C2t:Vh, tonelitone3C 
3tTyh, t o n e 2 IC 6 \f y K (D^t*-* tm*) 
t&btls 1 6 f 7 hlCt 1 7 
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-^I7u-Ait tztx-&, 09 (b) tCTF-TJ:^ 

fcb'y h*CD'>/«£</> h~>Wi, i-fc*>*>, toneS 
(bO), toneO(bl). t o n e 4 ( b 2 ) , 
tonel (b3). tone3 (b4) , tone2 

(b 5) comic, ^e?n5o 

[0 0 0 4] Sk&x-* (if«eVh) <E>§S!9fT 

H h — yy V^&Jllw^T, fci;Ltf, Hi 
0 (a) tdTj^J; toneSCOt'yh, ton 

e0itone4i:3t'-y K tonelitone3 
|C5tTyK tone2C7t^h, ^f-^^ll 
Vmhtls Z<D2 3 \fy b (ffimVy b : 1 6 fcfy K 
K&t'y b : 7 try h) tCT 1 7 I/— ArtSJg/fiSixTV* 
5 e **5, 5fcfC!ft#!Lfc I — >-^~— ^ y >y*®MtttM 

[0 0 0 5] h-V^-y y ^fc&JlStl 

fcfciHx — ^Wl 7Lx— All, fcix.ll 12 10 (b) 

WOfi^ixfctry hSfto^^i^ h-^j(S, t 

one5 (bO) , toneO (bl) , tone4 
(b2), tonel (b3) , tone3 (b4), 
t o n e 2 (b 5) <D\m^. ^-<btt, t o n e 5 t t 
oneO, tone4<ttonel, tone3i:to 
n e 2 Sr. %1n*?thl b-^Miy Yt Lt, Wfig^iXT 
^6. fc*5, icof^, #h — yt^Ml 09 (b) 
i:/Tt#h-yty hi^ licit'y h, 3t*yh, 

[0 0 0 6] £fc, K9trjEff^J:5?f^fbtt, fci 
0 1 1 IC^-Tfi^ii^tf*»2 0 2\CXftt>in 

nst, 2 t*y ho^^tr^ hi, 5l«^2 o 2*mm 
[0007] @i2ii se*oa«as«iw*3it-5ai«^ 

^t*$)6o 0^COu l~u z^^^-^^, 1 h — 

2Ettz*5«fcU< y S:ffli^r*aLfcfcco-C*>6. 
[0 0 0 8] ±:1E0 1 2 lc^i-|ci§^— ^ (Dft^ik {zte 
fcix.f^, 010 (b) IC^-t-^u— J*<DKWk 

tyh (tone5, toneO) (D"f—9 d 0 i d 1 

2 0 2<OJ»^u 1 t u 2(CA^lt6 
i % 2 \Cy b(T>^^y b (ul, u2) iltVHO 
TCSt'yh (u0) , -tteio-h. 3 t'y h<D b uy 
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5 

[0 0 0 9] o£'^ 2o@<£> h — Viry h (tone 
4, tonel) Of-^d2, d3, d4, d5, d 
g^i£^^2 0 2<D^u 1 , u2i:^u 
3. u4, - {ZAJj-tZt. 2t*7h^t'7h (u 

1 . u 2) t 1 hCQTL^tTy F (uO) , -r^t? 

3t^h^)hl/y^ffi, ^<7}fdW3 try h (u 
3, u4, ••) (Df-^^ffl*Stl5. 

2 f y l tiJ:t;u 2i:AM5o lffla$Lfc % 

2 tr^ Mcfs^-rSo 

[OOIOIMC, 3o@(^h-yty h (tone 
3, tone2) ^)f-^d7, dO, dl, d2, d 
3, d4, d5, d6, d 7 £\ g:^iA^^F^-§§ 2 0 2 
^ffiful, u2tffi^u4, u5. 
2 try KD««try h (u 1 , u 2) £ 1 t*y 

try h (u o) , 3 try hco huy^f 

Z<Di&<n7 f y h<£>7*-* (u3, u4. •■•) rtSfcH 
;rj£;ft£ 0 fiff^2 fy h^rS^-u l*>J:l*u 

tt, cojcst-y h < kBf^(0 2 try htcffia-rs. 

ii7-yac^g| ( I'FFT) Srttl\ ifiWi£:7-y^K 

[0 0 12] ^ii 

£ m ^ X D M T mOLffljitoZ. X 5 t— 9 ilia £ tt 9 

3\ sm^-m. sitr-^ (^oe^-^) teat 
[ooi3] ^owiBww^affiWfcasa^snfc^- 

*l> -tco^, h = w<— htoS, FEC (forward 
error correction : £tf;?7 i& 9 fTIE) > ^ 7 V^/Hfck 
SL CRC (cyclic redundancy check : MtslJL&tik 




(4) 2000-196471 

[0 0 14] ±IEOcfc9^, as«*is«»fc**-rs 
[0 0 15] z<D£ o (c, t**<oafS3SR-Cli, h — > 

isrt&m. i-#fc>*>, e»s/N (signal 

10 -to-noise ratio : jf ^*f3£#lfc) ifctCg<5i/>T x 
[0016] 

a*oa«as«-eii, ^-^ait^ic fetx^ sis 

[0 0 17] ^(Dtztb. «6*<oa«Ktt"CJ±, /ci £ X. 
tf. SfS»0^7 7y^ioJ:05^V7y^«rfi|ffl-fS 
fc, W7r-^ h • y h u>f (^ii^h h 

^ttt^o z<D£otj:ztfrb. se*(7>a«as« 

30 [0 0 18] ±IB^«^TftSn^tWC* 

a«Srl»«WI-tT o Z. t ^-CS 5a«3fi«*»5 w <t «: 
[0 0 19] 

til watry btK-g:K* v h^«9Jnrfig**a««^ 
5Hifta>jBffio»^»2jc*aa) «f£» Struts 

* y >^&5i£fli (ci+s^) »«i:aa*«ii: 
50 (OBnr-. fflia^o^^^ y ^^teaBicra***!^ 



-sr 9 , x^** y - h-v/u^ h- 
[0020] wco^^tc^ix^, '<>*7*y f?wm 

Ogfg»£±tffc9Ttffc0-*- £ Cite J; 0, IsJiSSo^ 
[00 2 1] o^5g^U*^Sii«iSBJC*5l/^r, StJ 

[0022] :^^(ann ts^t'^ h<7)^.^^p>^ 

[0 0 2 3] o«r<0»W«C*^*ii«aS«(C«>oT«:, 
B9fS h *%m-&2 t'y h^««tr y h t 1 hco 

h^^^t'^ hi 2 tr* h^JCft^y hfc-cf#/S;£ 

[0024] io«w:j:ntf, 2 tr* h*>««fcry h 
&s<>??-v y v^«Laaj<75 2*o««fcry hffis^ic 

-eiX^tbSM^n, 2 fcT 3/ hcO/L^fc:'^ htf2*<DK& 

fLSrilCfcSo tit, flWR.tr y h«)W645r- 

U M/y^flf*S:ai^t-S»*ll l f y h^JCftf 
y hKatJC-fS*^ v^^&<D^**>>ymt U * — 

[0 0 2 5] ofolBW^^^Siift S^K^S^T, 
Miafl»«tr^ h^^b^cS^—^^JiR^ixS 

s/Nttfca-j^reaiu- hsr*s-i-s^ijcj: 9, 

[0 0 2 6] w^^fcj:tt^ fcigu- hjW»&$Jx 
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<? 

h r ^ * mm & n o c t a« xz h . 

[oo2 7] r>g<D&mzfrt>*z>mmmmzis\<^x, m 

bic. s/Nit^m.2<z>Lsi^ffl[j:9 tisv^a^tt, 

/0 «yiffi£*l»U KttS/NlttcS-^^-ceiJI^- hSr 
SfcSi-S-iKJ;!^ eaSK*5fe#u unseat u-h 

[0 0 2 8] z^^p^tcj:^^ s/NttKS-^T'* 

CTSwesnseaiu— h# % «iwflkistfts«tffir% 

[0 0 2 9] ofco»Wtc*^5iiftKWw*5^T, «T 

site huy xn%-/>mvi£thz>£ 3i;mME'<v**-+ y 

v\ S/Ntfc^2 0U#^ffij^T«c:««Lfc 

miE^— iK«F#*s»«*Jx5 <fc 9«-«rlB^v^ 

[0030] zi^«w^«tixtf, wis^^^^^-v y >^ 
•b. ^r— * h • y h mmw h ^> 

[0 0 3 1] o#*w«M^*^SiifS3SE«-*5i^r, stj 
^ E/<>^ ^ y y h u- y **H§-ri*»tRS 

S5 2^U#l^«TJcKSLfe»'&li, ^rffi^-^^^- 

-racitcj:^, aft frfiiffiu ^e>tc, s/Ntt*«!B 

[0032] co«^{cj:tttf, ffjfs^-v^^-v y 
«asi:r h uy ^w^atRSix, eaiB^$ss:$tL 
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9 

fCctD, S/Ntt^2OL#^ttJ:0T2l 5 otLio 

[oo3 3] off©«wica*a»a»««nic*5vvc, ^ 
[0034] r^^jCctix^ sfria^^^^^ y >^ 

l/MI«fc9Td ? oTL*ofc»'&a>3K 7t~* b • ] J b 
19, S/NttJi«JS3 © IS ^l<t 9 Wot 1*5* 
S/Ntt{Zf&Ctz&&<0&mi>'-bT\ T-f&m&M 20 
[0 0 3 5] o«roXntCft»0>*9ffiKBOK «9 fTIEftF 

[0036] w0>«WK«fc*u*, 

[0 0 3 7 ] Ojffl!)»WlC*^5ii« igilOgl 9 fTIEW 

huy sns «t skiwe'O'*^* y 

E'O*^* y >^«tafflsr»jwi-s 0 
[o o 3 8] w^WKctntf, s/Ntt^a^v^r^< 

[0 0 3 9] off«>«W»C3&^5ii«JSBO|R0irjEW 

S^o-*^ y ^rjrmz&^x* sfrie^^^^^y 
*#»«3*taj:5tei»E'<:'*7"ir y >?&mtf>£ffl 
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[0040] za>amzxtitt* mrE'^*?--* y >^ 

!§§§C0^7 7 <;/ ^ *s J: *y ? Zfelti Ltzm&X 

7r-^ h • y h is-c-^y m&w b u— ~> 

&X£Z 0 

[0 0 4 1] o^^^^^^aHSfittOKOITjEW 
[0 0 4 2] ^<©*wuj:tLtf, fflE^O^^-ry>^ 

mi^ct huy ^«F*^3s«*tt, eigg&^aiic^tt 

^n'v^^^ y ^^*s-ctt, fsr^ja^s^^J: s/ 

[0043] ^g<D&w\cfrfrzmiB*i&m:<om?)niEn 
v *yjjmcio\,*x* ^ta^y^ft!) 

[0 0 4 4] wC0^^^j:tL«, y 

J:^y7^«L/:I^ S/Nit^m3<^L# 
^fi«fc ^T^otltof:^^ 7 7 -^ h • y h 

s/Nit^jcsc^sii^e^w— - bx\ T—tmrnzm 



-6- 




[0 0 4 5] 

[0 0 4 6] Hi, *«M^*^5ii«i6B«cfflx.5> 
5 0 :©^>^ft y >y&mM i n 2^yho«tti 
try h (M/M^, j3±xj*-#%m-m<D7L&\?y 

[0 0 4 7] *nwic^^6ii«§sa^ 

i<n{tLW.ttrt*:mmcm^^xm>W-tZ>o DMT (Disc 
reteMuIti Tone ) KOMtttm^X* t*— 

9 ADSL (Asymmetric Digital Subscriber Line) 
Sit*** *3J:t/HDSL (high-bit-rate Digital Su 
bscriber Line ) iiff ;fr5t^CD x D S Lilff ^iWfe 
3 C r<0^*i, ANS I <DT1. 413«Hc*5V^T«*{fc;$ 

DSLeiUBi:, *2ia«*SO I SDNiHf isxr 30 

j±<di sDNfcmmt, tf&*<DM&m&x$ctebtix 

[0 0 4 8] B2lt **W*c*^Sii(tS6Bcoai«» 
^WricSr^fc^-CfcO, rc£;Ltf, , ADSL« 
S( ATU-C) <Dmm&<nffij&*7F-tb<DX&>Z> 0 
*5, ADSL^{Ri|^@( ATU-R) ^iSHS^^«fiRt 

yu( 12^ (^MUX/SYNC CONTROL KffiS) 4 HCX&Mit 

u ^mtztitzmmir-fncztLxv^ ? y y y *o 

^yi/is^J-ziy? (CRC : Cyclic redundancy check 
fc«S) 4 2, 4 3lctROtttHffl = -Kttt*0U S 
<blC, 37*? — K^7 — =1 U^>a > (SCRAM&FEC tdffi 
4 4, 4 5 let F E Cffl 2 - K^te J:^ ^ 7 

[0 0 4 9] &:*b\ ^uf/i/.y^/^y^^y|>D 
-^4i/i^, h-y^y>^4 9i:I5lti:ij: 
2owgWfc^ — y_y (INTERLEAV 
E) 4 6 7)^^n5^>^-!J-yKf-^^777(ln 
ter leaved Data Buffer) *b 9 — #tt>f — y 50 
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—7 4 6 £^£>i^:7:r* hr-^^<y77 (Fast Data 
Buffer)fi»-C*>»> , y^~y-^i^ff^>^ 

So 

[0 0 5 0] *:<n'&, m%"T-9\1t. u-h^>s<-* 
- (RETE-CONVERTORKfSS) 47, 4 8l:t^-hny 
/<- h — ^y (TONE ORDERRI 

h->-;*— ^y ^^$^7tiHft-r-^lcS<5v^T, ^> 

>3 v^vn— y . y^r i/*tr— y (cons 

TELLATION AND GAIN SCALLNGfCfBiO 5 OlZX^^^'r 
is-i/slsT — f&fttiLL. 7— y^S*8B (DFT :Di 
screte Fourier transformers) 5 1 \ZX — 
y^ffi&£tr?o 

[0 0 5 1 ] ftC, <<l/-fy h • »<7 WU/v-y T/U 
■^y77 (INPUT PARALLEL/SERIAL BUFFER tc S3) 5 
2 HTiS?Si^7- y xfM^v ^uf-^^y y T 
jU^f— $ d^ttfe L % 7fn ^ - yot y • r > K 

• ADC (ANALOG PROCESSING AND ADC 5 3K 

[0 0 5 2] 1311 #»9lfc:a*a»5«tt 3£B£>3:i# ^ 
^fllfiJcSr^-t-t^-CfefP, fc^aifl , ADSLM 
K( atu-r) toSff^oajSSr^i-ti^T^So <c 

Jb\ ADSL^{RU^S( ATU-C) CO§ff^O^<b 
|5]#C0«*T-*>6o H 3 1^*31 ^T, ATU-R CDgfg^ 

• ^Pty^y • 7> K ■ ADC (Hj^ CD ANALOG PRO 
CESSING AND ADC fct@^) l 4 1 tCT p 7 w /i-^ 
«r^»t, A/D3^-^iLT7to^ 

if (TEC Kfg^) 1 4 2^TB»IB«I«a)aj£»fk«ia*- 

[0 0 5 3] ^OPSMS^oiaJC^ttoS^^ix^:^-" 
^li, ^ 7*y h • /<7 l^/i^/y 1/ 7/1/ • /< y 7 7 (IN 
PUT PARALLEL/SERIAL BUFFERdfiii) 1 4 3 \ZXis ]) T 

-r — ^IC*J-LT7— y ^igmgU (DFT : Discrete Four i 
er transformed) 14 4 CTilii7- y ^ft&ff 

i\ ^e^m, n«»K^>rw37>rf (fec etes) 

[0 0 5 4] * LT> ^rtOHftftffla^iSlC^k&a^ 
Sixfe^— ^ti, ^>^7 u~^> 3 — y . 

V^^-y (CONSTELLATION AND GAIN SCALLNGtCfS 

a) i 4 6*jj:r/ h-^^-^y (TONE ORDERRIN 

G) 1 4 7eTff^n3ffi^iI (**1S^fe) &£T* 

(RETE-CONVERTORU 

tea) 14 8, i4 9(a^i/-h^y/<-^i, 7 
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(DE INTERLEAVED 3) 1 5 Oldish 

y — y&js, descram&fec i 5 1, 

1 5 2{cj;5FEC (forward error correction : wlj? 

y^y^i/j^^y? (CRC : Cyclic redundancy chec 
k 1 5 3, 1 5 4iaSCRC (cyclic redun 

dancy check : ^(nlTLS^fi) &<Di[imt>i?rt>ti* S*l 

X/SYNC CONTROL fcft S ) 1 5 5 

tl&o 10 
[0 0 5 5] _bi£<o J: ^ {c*fig*tL6iifS36««c*5i^ 

t\ m i {c^r^v^^-y y v^iftaai = 
u— > 3 ^ • y-r y is? 5 oic&m 

[oo5 6] te, ^&m\zfrfrz>mm%km<o'^? 

£^i-t>co-c&£ 0 ft*;, ni4coiii{f^j (fftss2, '< 
y v^ttasui) tsftfflij («*«3> 

[0057] H4«c*5i*t, aftg2ii, g^mE^ 

ffl^tSIS^u 2 — u 2<Z>«K:lo«fcl#ffiiPu i <£> 

jcfttry h*a*-rasi0>5Lftau <t % hi: 

» 1 <?>K&& 4 km 2 <DK&7& 5 riW - y 6 , 

[0058] »*S2Jc««*ix^o^^^ y jo 
tpsis-cfcsiitffl^t, <*e>K, ^-§-§§2 7)>q>m^ 
h u-y £fctetimfc-y bvfrfrbtez 

[0 0 5 9] /:ix.ll *-#^#SrttJ*i-£»§*f±, 
y^" 1 bO«fu 0 £ y 1 iS^-y u 

3&mmzmmL. mm** y^ 1 c<om*u o * t y 

•9, 'O?^ y 1 ^6fi, 2l^yh<OiS« 40 

t'y h£ 2 fc^y h^f t'y h-C««r a 

[0 0 6 0] huy ^flP»fcai/3-r5»*tt, il 

»^-f y? 1 1 bco^T-u Oiyl £««U 8^F-u 3 t 
y u 3«:««U il»*>f 1 c<D*B^y 2 SrSEffil- 
8HKU «?yu4S:ftJ6{c««t5o rftfcj;*, /< 

i try h (u 3) Sra§fs-c#*. 

[0 0 6 1 ] &ft s ffinVy bCDfrfrbteZT — f&m 50 
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*rrs»£\ -ttet>i>>. w#{ttfT*>*^»*j± % sin 

Myf 1 b^y 0tyu3 U S&T-y 1 £ 

SMfiWftttU iS@J*-f y^l ciOiS^u 4 £ y u 4£ 

i2fyh (u3, u4) «:a«-c#a. 

[0 0 6 2] «IS»Sr*LrJtEf f -^4'SfSi' 
lco«^[Hlg&8, » 2 ©aHEIB 9 *r*i-S«*i: U 

[0 0 6 3] o^jc, H4lc^-r*«W^^Sii«36 
i^JMiL ^iH^OS/N (signal-to-nois 

e ratio : m^ttm^tt) ttiz&i^x * ^frmmzti 

[0 0 6 4] »9ITjEff*^J:a?»»^*fT*>tt 

^,t9f-, -ftet>h* mnt-y btD&frbttZT—fm 
*}-t&&oi^ so?*?* y ^»«»ia«Rj£3*LT 

^SS^Ii, fct^f^ IE) 9 (a) (c^-TJ: 9^, #M 
i^^O t o n e 0— t o n e 5t^, ^ttlftl S /NtttC 

fj:, t o n e 5 (C 0 t* h , t o n e 0 t t o n e 4 {C 
2f y tonel£tone3U:3fs>K ton 

e2i;6fyh, ^eai^-^^WOfibix, ^(D16 
>^--^y >?td i m£titifcm j r—*<ni 7l^-aii 

tiill 19 9 (b) \C7f:i-£i\zmf$LiStlZ>Z blztt 
6o MOSP>ix^:try htt^>*^h 

^->WS, -t~4^^>, toneS (bO) , toneO 
(bl). tone4 (b2) , tonel (b3), 
tone3 (b4) , tone2 (b5) OOHHtC, 

[0 0 6 5] tf:, huM?ft*ai*t5<);5i:, 

^li, HI10 (a ) (^Tn-TJ: 9 t o n e 5 (CO bTy 
toneOt tone4C3tT3'h, tonelt 
tone3C5t'7K t o n e 2C7 t'y h, (7)^i§ 
r-^^MUfif)^ :<02 3t'yh (ItSfyh: 1 
6t^K TbS try h : 7t'7h) fCT 1 7 U~ 

[0066] aot, h->-^-^y > stems titL& 
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mbtltzt'-y hgc<D'>#l^ h — VttI, -tttioh, ton 
e 5 (b 0) , toneO(bl), tone4(b 
2) , tonel (b3) , tone3 (b 4) , to 
n e 2 (b 5) CDA!^ Sk^btl, tone5^ton 
e 0 , tone4£tonel, tone3i:tone 
2£. tti^tll h — Viry ht Lt> «/$<**LT^ 

So <c*s, #F-ytyMi IH9 (b) 

^-T* h — >ir y h£ 9. JS«- 1 K 3t'yh, 3 
f ^ h<5o, fy FW*<4otv^^ rftfcov* 

[0 0 6 7 ] -t Lt, M/y^»fi:j;5ff^ftH A 

&10&SICJ: <9fr*>ns 0 Hi 2(1, t££<oi§ 

^}?fS2 0 2£f?4§-g2tCfi#&;iS;i<tKJ;^ * 

So gj^Ou l~u zco^-^T-fl, i h — :x-i?y 

[0 0 6 8] ±EH 1 2 K^-reiH^- * 0>?f -SHbtCiS 

«/>r, fc^tf, mio (b) \s—j*<D&^it 
fi, l h->-t?y h^Cfrbn^o *i\ &fc|tf>l>-v 

h (toneS, toneO) (D"r — 9 d 0 t d 1 
tPNSt'y h (ul, u2) t 1 tfy h (u 

[0 0 6 9] 0#*fC, 2og<£> h — >ir y h (tone 
4, t o n e 1 ) <Dy*— 9 d 2, d3, d4, d5, d 
6£r, n^2(D^u 1, u 2 iSf u 3, u 4^ - 
KArti"**:* 2 try hcotf$&fc*y h (ul, u2) £ 
1 f7 hOTL^rt:'^ h (u 0) . 3 fcf y h<D 

bl" ] J *#m-t. ^(Di&CD 3 \fy b (u3, u4, ■•) 
^■7*-^^m**n-5o BfS«> 2 C y h 

u l:fc<fcU<u 2CA^t^o l»3*Lfc, *<4otv^5 
3fyh»lt w^g^s/ bkffi7£<D2 fc*y McfB^ 

-TSo 

[0 0 7 0] 3o@<7) h-Viry h (tone 

3, tone2) ^f-^d7, dO, dl, d2, d 
3, d4, d5, d6, d7^, ^^2^ul, 
u2«fu4, u5, ■■^A^-rSi:, 2t'yb<Dm 
$gtf y h (ul, u2) 1 t'y hcOTiISt'y H (u 
0) , 3 try hl/^^, 

7t'7^f-^ (u3, u4, ••) a*ttl*S*l*. * 
<7>'&s &J£(D2 fc'y h^T-u l*5<J;l/u 2^A^f 
So WaSLfc, #<4oTV^3fc'i/h^t :^/Cl 

try vtmi£<D2 b-y Messrs. 
[0 0 7 1 ] *-tf^£ffi*j-*-S 
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tf, 13 5 ( a ) f^-fJ: 9 tone5|:0fy h, 
tone0<ttone4fC4fcfyK toneltto 
n e 3 \Z 6 tT y h , tone2C8t>K Ofcigv**- 
*t>m\*>mt>tl. Z.<D2 8 fcTy h (««fcTy h : 1 6 fcT 
y K 5LStrTy h : 1 2 fcTy h) 1 7 -kd*Jfcfifc 

s^<7> h— v*— ^y ^^stitSLT, «■ v 

IcmvmbtlZ t'y S^#< ^oT^SGOfi, ->^/ 

eai^r«B4try bm^< 4ot^:ii:gBu^ 

So 

[0072] ffiot, b->*-?\) >-y&m£titzB 

^tf> 1 7 AfL tzbx.&s m 5 (b) iC^i" 

bttfefcry h»W>ttl^ h — >H1, -T>oC^^, tone 
5 (bO), toneO (bl) , tone4 (b 
2),. tonel (b3), tone3 (b4), to 
n e 2 (b 5) <D\^{C X 3£^<«btL, tone5t ton 
20 e0, tone4<!:tonel N tone3<ttone 
2 Ztlfftl 1 h-yti/hilt, fflWcSnxv* 
So <c*5, w<z>»^ #h-yt^(i ii o (b) 
t/Tt* h-vt y h J; 9, JSl: 1 h^o, t'y h 

t*y 1 t'y htgx.Tl/^ w<t^fiH LT^So 
[0 0 7 3] ^Lt, 5fetC 

kml^bi4^-*-?¥-^»2 k'O*?-* y 
KD®>mtz&*)?ft>in?> 0 men, *&w<Dmmmmz 

[0 0 7 4] ±EI2l6*C^i-eiJ6^— ^<^??^fc^*3V> 
fc^rx:^ B5 (b) |^t7U-AOtfffttt, 

1 h— Viry h&ULtffrtiSo ISJOh- >iry 
h (toneS, toneO) <Dt*— ^dOdrd 1 £r?3F 
^2^uUu2CA^tS(i:, 2fcTyh^«« 
t'yh (ul, u2) t 2 fcTy hCOTL^t'y h (uO, 

u0') , 1-t£t>h, 4 tTy ho^-^^m^^ti 

^0 So 

[0 0 7 5] o^*{^, 2o|(Oh-ytyh (tone 
4, tonel) Wr-^d2, d3, d4, d5, d 
6£, fft8 2 0S^u 1 , u2«fu3, u4 t •» 
tCA^"rS<t, 2 t'y htf>««try h (ul, u2) t 

2 try hCOTCStry h (u 0, u 0 ' ) , -T<Ct?%, 4 
t'y KCO^ — ^C0M^3 t'y h (u 3, u 
4, •••) 60f^— ^^m^^ttSo ^^0^, P7rf^2t'-; 
hSrffl^u i*5J:t>'u 2tcA^-rSo 

[0 0 7 6] Ml:, 3oSWh-yt'7h (tone 
50 3, tone2) (Or^d7, dO, dl, d2, d 
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3, d4, d5, d6, d 7£, n^^2(D^Tu 1 , 
u2«Tu4, u5, •••JcA^-r^ir, 2tf»;/h(Otff 
it'yh (ul, u2) drlt^h^f t'yh (u 
0) , -ftefrh, 4^yh(D^-^fi, ^CDftil<07 
t'y hOf-^ (u3, u4, •••) tfSW2j£*L£ 0 t<T) 

[0 0 7 7] _hf5, ilBftta^fflfS^^U—A^LT 

-/<-7l/-^«$n5 0 H7te*5V-C\ SYNC 
H - S IMBOLIi, ^^^^fc^W^y^T'fc 
•9, 6 9 7 1/- AS«CjfA^tLT^S 0 17 1/- 

A^tS]0 1^ H4, fast-bytet Lt, ^* 

[0 0 7 8] 0 8 11, *»WfC*^Sa(S»KOS/N 

[0079] fc£x.tf, ^eraTe^iKSrm^-rs^^ 

t*5 0, h u-y ^W#*5J:V^-2J?W#«CJ: 0§&<9SnE 
[0 0 8 0] LfaLtZtfb, ffl8lC7fk'rt&<9 > S/N 

14, h u-y *ft%-<nmt>*m^tttmmtefc : &i''- v 

#S 2 (7) L£ vMKirlB 3 L£v^m<nmcfrZ> t #t4, 

ioo8i]t:-c, *&w\zfrfrzmmmmviL h 
ttt^^»*i4, bis}) xn-^tfrnvtztizzoiz'^? 

il^cFtb^ J: 9 fc^V^^^r y v^fttafflJ l SrWJWU 
ei£S§£fli2:-t-5 0 ctucj:^, a«36BT-J4, S/N 

[0 0 8 2] o£*f-, El8K£<S^-t\ 7^— ^ilif 
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tfmviztiz 4 swote'^**-* y >y&m& 1 sr»j 

*ffl»-r-5w£i;:<fc<K LrtT 5. tit, 

[0 0 8 3] nttfc, /^^ft^^l^icth 

20 [oo8 4] mmz+ s<^??--y y >?®mwi kt* 
i4, n b u— ~>-^&m\ eaiK^asc^b^oii: 

-To r^-Ct4, S/Nlt^«SE-r«flaj«co^Taft 

y ^^36B l wttlASrSIStS. 
[0 0 8 5] t^oT, *«Woa«3$B«C-tix«, mlfS 

ft*(-, fc£xf4, filS»^7f-77y^*j«tt/sh^7s/ 

^Sr«mju^»'&-et J , 77-^ h • y h u^^>^/ 

*«W<oa«3fiB*4 % El 8 tztt£M<OVr&&& 

[0 0 8 6] Z<D£o\Z, *«M^^^a«3SB{-*3 
1 izXMVlZtitiT-? & *JSt w t 

3*7^** y- h-e/^ h - v^m^^t- 
[0 0 8 7] 

50 ^aif+K, titTttt. «K«^gfS«S:±^0T*f 
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Hot, S/Ntt;^T^ofc»*-et> % ^y^ftliv 
a* "TAB** 9, attJMT+^T*— *a«fcllMSfcXI3:S 

[0088] o?<7)«wtwin«r, ««tr^h^^e> 

<hU h u-y ^«F**$J:t/^-*flF»*:tt*-*-5»* 
[0 0 8 9] o^WlCctilll 2fyhWffiS^ 

— ^*m^-*-s»^tt, 2m<Dx-< *7&m 
ttte*-rs. ^tucj;^ x^**-* y ^^teaaosj 

[0 0 9 0] oro«Wlcj:tLtf, fiiHU- M*»5fc£ 
/Ntfc^3E»^*i^»^ti % h l-y ^fiF^ctt/^- 

[0 0 9 1 ] oro%M(cJ:tttf, S/Nitidg^T 

So 

[0092] o#-o3g^fc<fc4xtf, mms<>'??-* y > 

o'T* 1) , ^r-^ h ■ y h (Bii£S h — — 

fWSKtt, feje>^><os^tc:<t 0 . s/Ntt^«iwL§ 
^ fit is <t Xf SB 2 O L # I * fit <fc 0 T a* o T L 4 o T* 

[0 0 9 3] o?<o*WJcj:tLtf. UMB^*^* y > 
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<&6o rtucj: 9 % 2W8W(£>S«3$fifi. (Simeon 
ft£J:»K S/NtfctfSSfS2<E>L#^ffi«fc 5T^oT L£ 

[0 0 9 4] o?o«M(cj:tti^ iffll&'O^^y > 

s/MMzfcctzmm<ommi'— bx\ f—fmm&m 

[0 0 9 6] o#*^%^{cJ:ttf^ S/Nttlcg^^T 

[0097] o#*<o%w(-«ttb^ sirffi/o^^^yv 
^r-t>, 7 7 -^ h • y h (&mm h 

v^) Srn9^S^<c< /X6. ^tt*cj:«9, *36W^» 

if^o^otriE^co^^v^^^ y >^*8fe-ett, B 

2<DL£VMIJ; «9 T^oT LtotH^-Ct, If ft h u 

ctzmm<ntemi<>-br\ T-*mmzmmmcn ?z 

40 [0 0 9 8] o#*(0«WI-J:*t«, ftfHS^<>-^^^ y > 

^fe3SSfBicTM^y^w^»«stt, eaiB^«5i$ 

y hW^y^ (ffiii^ h ^^^) Srfi^&SflSfc 
<ds<^??--y y v^*fe-Cfi, (bip>^os*(cj:o, s 

50 mmzftozt&x'zz, i^5a*«rs«. 
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[0 0 9 9] oroSSWI-Jzixtf, ffiftsOffr!)^ 
(Bilffhi — £tT? 0 ^*UcJ: 
[oioo] t£ot\ ^p^fcj:^, i*j<ba><£>5s&f~ 

^ji^-c&So 

[LH 2 ] #^l^v^Silif ^§<£>i£if ^^^-C'^ 

So 

[m 3 ] ^0^^^^-5ii^^§m 

So 

[Ei 4 ] *&w^frfrz>mm mm^wtrnz^-trnxtb 

So 
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So 

[138] S/NtfcteaS^- hOB8«*^"Tia-efc 

So 

[no] y >^fttaspr- h i^y^^ 

-e^So 

[mil] «*&*w*»&^-ria-T?fca. 
* * k-r s m& <n 7*— $ <d ae * -r@ x&> s 0 

[^#coift^] 

i ia ttSb-y hfflg 

20 ib mnm y?-* ic mm^-ty?-. 2 n 

3 4 ^lTOM, 5 ^2C07l« 

X. 6 ^y^-y-A, 7 y— 8 m 



[mn 



[12 2] 



la 



rt 

4^- 




icXU 



^ 1 

yu2 
yu1 

yi 

yu3 

y2 

yu4 



SCRAMAFEC 





i 


INTERLEAVE 




SCRAM&.FEC 





CRC 




MUX/SYNC 
CONTROL 






CRC 







I ^ 

INPUT 
PARALLEL/ 
SERIAL 
BUFFER 






i 

OFT 

































CONSTE- 
LLATION 
ENCODER 
AND 
GAIN 
SCALLING 



TONE 
ORDERING 





,53 




ANALOG 






PROCESSING 






AND ADC 
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im3 ] 



[15] 



TONE 
ORDERING 



— u: 

CONSTE- 
LLATION 
ENCODER 
ANO 
GAIN 
S CALLING 



r 



ANALOG 
PROCESSING 
AND ADC 



(8) 



INPUT 
PARALLEL/ 
SERIAL 
BUFFER 



-jcnc — 



DE SCR AM &FEC - 



- CRC[ - OESCRAM*FEc| £ 



OEINTERLEAVE 



(b) 




TONE 



TONE QROERED 
b 0 *=ton% = o 
b 1 '=tonefc = 4 
bg'—tone^ = 4 
bg^tone, — 6 
b 4 '=tone5 = 6 
b 5 '^tonoj = 8 





FAST DATABUFFER 

Isb msb 


. INTERLEAVED DATA BUFFER j 

Isb msb 


d 0 d 




5 d 7 


d ol d ll d 2l d 3l d 4l d 5l d 6l d 


7 


bo'-hb^+a 




b 2 -+b 3 +4 




b 4 '+b 5 '+4 





TONE 5 TONE 0 TONE 4 TONE 1 
0 bit 4 bit 4 bit 6 bit 



TONE 3 
6 bit 



TONE 2 
8 bit 



m4] 



i 2 ff^SS 



3 ass 




OECORDED BITS i 



ime] 



mil) 



u z 

u 2-y+3~ 
u z-y+2~ 



202 



"4 

u 2 
u 1 


















TCfi* 201 
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[0 7 J 



[18] 



. SUPER FRAME . 
(17ms) 



eat/- h 



FRAME 


FRAME 


FRAME 


~r 


FRAME 


FRAME 




FRAME 


FRAME 


SYNCH 


<o> 


(1) 


<2) 




(34| 


(3S) 




(66) 


(67) 


SYMBOL 



last data buffer 



tact byta taxt data 



(Interleaved data) 




S/Ntfc 



[13 9] 



(a) 




TQNF ORDERED 
b Q — tone 5 =0 
b 1 =tone 0 =2 
b g =tone A = 2 
b 3 =tone , = 3 
b 4 = tone 3 = 3 
be =tone 2 =6 



(b) 



b 0 



Isb 


FAST DATABUFFER 


msb 


, INTERLEAVED OATA BUFFER 

Isb msb 


d ol d 


ll d 2 d 


ah 


4| d 5| d 




d ol d il< 


» 2 l d 3l«4l d 5 l d 6l d 


7 




b l 




b 2 




b 3 


1 -« 1 


b 5 





TONE 5 TONE 0 TONE 4 TONE 1 
0 bil 2 bit 2 bit 3 bit 



TONE 3 
3 bit 



TONE 2 
6 bit 



[010] 




TONE ORDERED 

b 0 =tone 5 = 0 
b 1 =tone 0 = 3 
b2 — tona 4 — 3 
b 3 =tono 1 =5 
b 4 =tono 3 = 5 
be=tone, =»7 



0 1 2 



(b) 





, _ FAST DATABUFFER 

Isb msb 


, INTERLEAVED OATA BUFFER 
Isb msb 


d 0 d 


ll d 2l d 3l d 4l d 5l d 6l d 7 


d ol d ll d 2l d 3Kl d 5l d 6l d 


7 


| b 0 +b |+ 1 




b 2 +b 3 +3 | 


b 4 -fb 5 + 3 





TONE 5 TONE 0 TONE 4 TONE 1 
0 bit 3 bit 3 bit S bit 



TONE 3 
5 bit 



TONE 2 
7 bil 
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1 2] 



"2-1 



u z-y+1 

u 4 

"3 

"1 



"2-1 

u z -y+3 

u z -y+2 

«2-y+1 
"4 

u 3 
u 2 

u 1 

u 0 
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